ABSTRACT Objectives: Knowledge on timing of admissions and mortality for acute medical patients is limited. The aim of the study was to examine hospital admission rates and mortality rates for patients with common medical conditions according to time of admission.
INTRODUCTION
Acute hospital admission rates decrease during weekends, but an admission during the weekend has been associated with higher in-hospital mortality, an association termed 'the weekend effect'. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The weekend effect has been observed among acutely hospitalised patients in differing healthcare systems, including those in Canada, the USA and Australia, as well as in European countries. Understanding the higher short-term mortality associated with weekend admissions is important for clinicians and for healthcare planners. Two possible explanations for the weekend effect are the changes in the availability of specialised care or changes in patient characteristics, for example, disease severity. 17 A more subtle categorisation of time of admission in patients admitted during weekday office hours and out of hours, as well as daytime hours and night-time hours during the weekend, may clarify important differences in patient characteristics. Furthermore, admission rates for common medical conditions in these Strengths and limitations of this study ▪ This study is the first to analyse hourly admission rates and mortality rates associated with time of admission in 20 common conditions among acute medical patients in a populationbased design. ▪ We provide a subtle categorisation of time of admission including weekday office hours, weekday out of hours, weekend daytime hours and weekend night-time hours. ▪ Our study lacked clinical data on severity of disease and staffing level, but included information on the proportion admitted to intensive care units and the proportion receiving specific intensive care treatment according to time of admission.
time periods may serve as a proxy of the changes in referral threshold and together with mortality rates add to the understanding of the weekend effect. Variation in timing of admission and mortality rates for common medical conditions has, to the best of our knowledge, not previously been examined. Previous studies examining 'out of hours' and mortality have primarily investigated 'out of hours' as the time outside regular hours/office hours, not distinguishing between 'Office' and 'Out of hours' timings during weekdays, nor between daytime and night-time hours of the weekend. 8 9 We therefore examined the hourly admission rates and 30-day mortality rates for patients with 20 common medical conditions comparing weekday office hours, weekday out of hours, weekend daytime hours and weekend night-time hours in a cohort of acute medical patients with their first admission to departments of medicine during 2010 in Denmark.
METHODS

Study design and setting
In this register-based historic cohort study using prospectively collected data, we identified all acute hospital admissions to medical departments in Denmark between 1 January and 31 December 2010, as recorded in the Danish National Registry of Patients (DNRP). The DNRP is a central medical registry covering public as well as private hospitals that record information on all hospital admissions to non-psychiatric hospitals since 1977, and all visits to emergency departments and hospital specialist clinics since 1995. The record of each admission or visit is linked to the unique Civil Personal Registration (CPR) number. In the study period, the DNRP was managed by the National Board of Health, but it is currently managed by Statens Serum Institut (SSI). After necessary approvals, data from the DNRP can be accessed by researchers in Denmark by application to SSI. In Denmark, private hospitals account for less than 1% of the total number of beds and they do not provide acute care. 18 General practitioners (GPs) have a key role in referring patients to the hospital departments since virtually every Danish resident is affiliated with a personal GP. Outside regular office hours, GPs serve the patients from central regional clinics by providing phone service and consultation. Acute hospital admission is also available through a 1-1-2 emergency call, which provides ambulance service to the patient. 19 Finally, patients can present themselves to an emergency department on a 24 h basis. 20 In the study period, some emergency departments implemented a mandatory preadmission assessment based on a telephone call before arrival. Denmark has a free, tax-funded healthcare system, which assures that all residents (5 534 738 million persons as of 1 January 2010) in rural and in urban areas have unrestricted and equal access to GPs and to specialist care in hospitals. 21 
22
Study population
The cohort, which included all patients with their first acute admission to medical departments in Denmark between 1 January and 31 December 2010, has previously been described. 23 For this present study, we excluded patients with an inpatient stay within the preceding 30 days or earlier on the day of admission.
Time of admission
Time of admission was defined as weekday office hours, weekday out of hours, weekend daytime hours, and weekend night-time hours. Public holidays, for example, Easter and Christmas, were considered weekend days. Weekday office hours were from Monday to Friday from 8:00 to 16:59. Weekday out of hours were from Monday to Friday from 17:00 to 7:59, except Friday night from 22:00 to 23:59 and Monday morning from 00:00 to 7:59, which were considered part of the weekend. Weekend daytime hours were Saturday and Sunday from 9:00 to 21:59. Weekend night-time hours were Saturday and Sunday from 22:00 to 23:59 and from 00:00 to 8:59 plus Friday night from 22:00 to 23:59, and Monday from 00:00 to 7:59. Admission rates were computed hourly according to time of admission. An overall estimate of the admission rate per 100 000 citizen (≥15 years) was computed.
Mortality
Each Danish resident is assigned a unique personal identification number (CPR number), at birth or on immigration, by the Danish Civil Registration System (CRS). 24 Information on all-cause mortality within 30 days following the index date was captured by linking patients' CPR number to the CRS. The CRS was established in 1968 to collect and maintain information on vital status, marital status, residency and migration for all residents of Denmark. The CRS thus contains complete up-to-date data on the vital status of all patients in our study. Patients were followed from their index date until death from any cause, emigration, or 30 days after the index date, whichever came first.
Patient characteristics
The DNRP provided the unique code for each hospital and department, admission type (ie, acute), date of admission (index date), hour and minute of admission (00:00-23:59), source of admission (hospital specialist clinic, emergency department or direct referral), procedure codes for an intensive care unit (ICU) admission and specific intensive care treatment, date of discharge and discharge diagnoses, with one primary diagnosis reflecting the reason for admission and up to 19 secondary diagnoses indicating additional chronic or acute diseases. Diagnoses were coded according to the International Classification of Diseases, Revision 10 (ICD-10).
By tabulation of the primary ICD-10 diagnoses assigned after the index admission, considered to be the main reason for admission, we identified 20 common conditions among acute medical patients, that is, pneumonia, erysipelas, bacteraemia/sepsis, urinary tract infection, anaemia, diabetes, dehydration, alcohol intoxication, transient ischaemic attack, angina, acute myocardial infarction, atrial fibrillation, heart failure, hypertension, stroke, chronic obstructive pulmonary disorder, respiratory failure, gastroenteritis, syncope and suspected acute myocardial infarction (ICD-10 codes provided in online supplementary appendix table S1).
To capture clinically important morbidity, data on the 19 conditions included in the Charlson Comorbidity Index (CCI) were obtained from the DNRP for the 5 years preceding the index date (ICD-10 codes provided in online supplementary appendix table S2). The CCI score was divided into low (score of 0), moderate (score of 1-2) and high (score of 3 or higher). From the CRS, data on marital status (married, never married, divorced, widowed and unknown) were provided. We computed length of hospital stay as time from the index date to final hospital discharge, including in-hospital and interhospital transfers.
Statistical analysis
We classified patients as admitted during weekday office hours, weekday out of hours, weekend daytime hours, and weekend night-time hours, and characterised them according to patient characteristics. The hourly admission rates and the 30-day mortality rates were computed for the common medical conditions according to time of admission. To compute comparable 30-day mortality rates for different times of admission, we used direct standardisation. 25 We applied the observed age-specific and sex-specific mortality rates to a standard population defined as the patients admitted during weekday office hours. That is, for each time period, we estimated what would have been the 30-day mortality rate in our standard population if the agespecific and sex-specific mortality rates equalled those of the time period of interest. In a sensitivity analysis, we included the CCI score in the standardisation. We also reported the proportions of patients admitted to an ICU within three days following the index date and during the entire hospital stay. Additionally, we reported the proportions of patients receiving specific intensive care treatment. An ICU admission serves as a proxy for the severity of the disease and of the availability of an ICU bed.
In a subgroup analysis, the admission rate, 30-day mortality rate and ICU admissions during the four time periods were analysed only among patients admitted through the emergency department. To acknowledge the effect from public holidays on our estimates, we analysed the mortality rates associated with public holidays compared with all other days, including weekdays and weekend. We used direct standardisation to the age and gender distribution of the study population admitted outside public holidays. Data were analysed with the statistical software package STATA (V.11, Stata Corp, College Station, Texas, USA).
RESULTS
Patient characteristics
A total of 264 265 patients with an acute first-time admission to medical departments in Denmark during 2010 were registered. After excluding patients without residency in Denmark (n=505) and patients with a hospital admission within the preceding 30 days or on the day of the index admission (n=89 568), 174 192 patients were included in the study. Of these patients, 50.4% (n=87 764) were admitted during weekday office hours, 24.9% (n=43 312) during weekday out of hours, 16.7% (n=29 140) during weekend daytime hours and 8% (n=13 976) during weekend night-time hours. As shown in table 1, patients admitted during weekday office hours tended to be older and had slightly higher CCI scores than patients admitted during other time periods. Weekend night-time hours were the only time of admission when males constituted the highest proportion of patients (50.8%). No major differences among patients were observed with regard to the individual CCI conditions. During weekday office hours, 15.1% were admitted through the emergency department, while 33.5% were admitted through the emergency department during weekday out of hours. Similarly, weekend daytime and weekend night-time hours were associated with a high rate of admissions through the emergency department (30.2% and 33%, respectively).
Weekend night-time hours were associated with the highest proportion of patients admitted to an ICU within the first three days (4.4%) compared with weekend daytime hours (3.2%), weekday out of hours (3.1%) and weekday office hours (2%; online supplementary appendix table S3). For more than half of the individual medical conditions we examined, the highest risk of an ICU admission within 3 days after the index date was associated with an admission during weekend night-time hours (online supplementary appendix table S3). For all 20 medical conditions except respiratory failure, admission weekday office hours were associated with the lowest risk of an ICU admission. In addition, we found that the proportion of patients receiving specific intensive care treatments, including mechanical ventilation, renal replacement therapy and use of inotropes/vasopressors, was highest for the patients who were admitted during weekend night-time hours. The proportion of patients who received multiple therapies was highest among the patients admitted outside office hours (table 2) .
Admission rates
The admission rate during weekday office hours was 38.7 (95% CI 38.4 to 38.9) patients per hour, and corresponding figures were 13.3 (95% CI 13.2 to 13. Anaemia, diabetes, atrial fibrillation and heart failure had the relatively largest decreases in admission rates from weekday office hours to the other time periods, while a condition such as alcohol intoxication was associated with a more stable admission rate across time periods. The medical conditions with the lowest admission rates during weekend night-time hours were anaemia, erysipelas, diabetes and hypertension.
Mortality Table 4 portrays the crude and age-standardised and sexstandardised 30-day mortality rate for the common medical conditions. The age-standardised and sexstandardised 30-day mortality rate was 5.1% (95% CI 5.0% to 5.3%) for patients admitted during weekday office hours, 5.7% (95% CI 5.5% to 6.0%) for patients admitted during weekday out of hours, 6.4% (95% CI 6.1% to 6.7%) for patients admitted during weekend daytime hours and 6.3% (95% CI 5.9% to 6.8%) for patients admitted during weekend night-time hours. The medical conditions with the highest mortality rate in all four time periods were respiratory failure and bacteraemia/sepsis. In 17 of the 20 common medical conditions examined in this study, the highest mortality rate was associated with an admission during weekend, of which 7 medical conditions had the highest mortality rate associated with weekend night-time hours admission: erysipelas, bacteraemia/sepsis, anaemia, angina, atrial fibrillation, chronic obstructive pulmonary disorder and syncope. Urinary tract infection was the only condition associated with the highest mortality rate for admissions during weekday office hours (table 4). For patients admitted with hypertension or stroke, the highest mortality rate was associated with an admission during weekday out of hours. Notably, for patients with stroke, there was a substantial increase in mortality rate associated with admission during weekday out of hours compared with weekday office hours (risk difference 4.1% (95% CI 2.2% to 6.1%)). For patients with anaemia, there was more than a doubling in mortality for patients admitted during weekend night-time hours compared with weekday office hours. In the sensitivity analysis, which included age, sex and the CCI score in the standardisation of the 30-day mortality rates, similar results were found for the estimates in the overall cohort, as well as in the subgroups of common conditions. In our analysis of the subgroup of patients admitted through the emergency department, we identified no major differences in mortality rate or ICU admissions by time of admission (online supplementary appendix table S4). The admission rates varied with the lowest admission rate during weekend nighttime hours. The 30-day mortality rate for the medical patients who required acute admission during public holidays was 5.8% (95% CI 5.2% to 6.3%) compared with 5.3% (95% CI 5.2% to 5.4%) among the medical patients who required acute admission outside public holidays (weekend and weekdays).
DISCUSSION
Key findings
In this register-based cohort study, timing of first-time admissions varied and weekend admissions were associated with the highest proportion admitted to an ICU and the highest mortality for the majority of the conditions examined. By including weekday out of hours as a separate time of admission, we were able to discern important differences in patient characteristics, for example, the proportion of patients arriving through the emergency department changed dramatically from weekday office hours to weekday out of hours.
Strengths and limitations
The key strength of this cohort study was the use of a nationwide population-based medical registry that included all first-time acute admissions to departments of medicine in Denmark. The population-based design essentially removes concerns about patient selection bias, and the CPR number assigned to all Danish residents permits unambiguous individual-level linkage among all Danish administrative and medical registries. One concern is the accuracy of data on time of admission. While the administrative data have high accuracy in the DNRP, the accuracy of the registration of time of the day is unknown. Inaccurate registration of time of admission may introduce bias in our estimates, but we assume such bias to be minor as the intervals range over many hours, thereby limiting the misclassification between two periods. In addition, time of admission is registered prospectively, independent of future events such as death or ICU admission.
Administrative databases provide extensive and valuable data, but variation in coding practices is an inherent limitation. 26 Often, an acute condition associated with a chronic condition and the extent of diagnostic work up or complications during admission may influence coding practices. 23 The accuracy of some diagnoses in the DNRP is known. For example, diagnosis of chronic obstructive pulmonary disorder, non-specific diagnosis of syncope, and diagnosis of acute stroke, have all been found to have reasonable high accuracy. [27] [28] [29] Similarly, the accuracy of diagnostic coding for the conditions in the CCI has also been shown to be high. 30 An ICU admission and the treatment provided during an ICU stay were identified with procedure codes, and these variables have high accuracy. 31 Since we used a population-based registry to identify large groups of patients diagnosed, utilising the same ICD-10 codes, we assume that misclassification bias had only a minor impact, if any, on our results.
Interpretation
No previous studies have presented admission rates or changes in reasons for admission associated with time of admission. We found that hourly admission rates for the common conditions among acute medical patients vary between the different times of admission. This may be explained by differences in disease occurrence, and also by organisational differences, which changes the threshold for admission. This is supported by a higher mortality rate associated with admission outside office hours for the majority of the conditions examined. An example is anaemia, which demonstrated a tremendous decrease in admission rates outside weekday office hours. In patients with anaemia, the mortality rate and risk of an ICU admission more than doubled when patients were admitted during the weekend, which may infer an association with severity of the disease. In support of the hypothesis that more patients with severe illnesses are admitted during the weekend, previous studies on stroke, a common disorder that requires acute care, found that the 'weekend effect' disappeared after adjusting for deferred admissions and disease severity. [32] [33] [34] Although the Danish healthcare system differs from the systems in other countries, our study lends support to previous evidence of a higher mortality associated with an acute admission during the weekend, and extends this by examining office hours versus out of hours, weekend daytime hours and weekend night-time hours. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] All earlier studies examined this effect by defining the weekend as starting on Friday at midnight and ending on Sunday at midnight. A few studies have examined mortality associated with admissions during out of hours, but no studies of an overall cohort of acute patients have distinguished between weekday out of hours and weekend daytime and night-time hours. 8 9 The limited availability of the patients' personal GP and specialised care at the hospitals are assumed to apply to weekday out of hours, weekend hours and public holidays.
A few studies have examined the 24 h variation in admission. Despite the different reasons for admissions, the overall admission pattern forms a curve with two peaks, one during the mid-morning hours and one during the late afternoon hours. [35] [36] [37] If this variation associates with a natural course of the diseases, a variation in prevalence and hence a variation in admission rates should be expected. However, this variation may more likely associate with the availability of the GPs.
A higher proportion of the patients arrived at the emergency department outside office hours. The reason for this could be associated with availability of GPs for consultation, or it could be patient related, associated with proportionally more patients with severe diseases presenting to departments of medicine outside office hours. A study from the UK, which examined the referral rates of acute hospital admission from GPs, found an increased referral rate outside office hours. 38 Our study lacked clinical data on the severity of disease, but included information on the proportion of patients admitted to an ICU. We found a higher proportion of ICU admissions and organ supportive treatments during weekday out of hours and over the weekend compared with weekday office hours. Our findings contrasted with those from previous US and Australian studies. 9 39 The US study was based on medical record reviews of 824 admissions to general medicine units. The study found that weekend admissions were associated with a lower risk of ICU transfer. 9 Differences in ICU settings between countries must be acknowledged when making comparisons of ICU admission rates. 40 We considered an ICU admission and ICU procedures as proxies for severity of illness, although we also acknowledge the limitations in this approximation.
For example, the use of ICU procedures is highly associated with age. 41 Additionally, it is important to emphasise that some patients with severe illness will not be offered full therapy and that ICU admission also depends on bed availability. There are no national or European guidelines for admission and discharge from an ICU.
The present study may add important knowledge to healthcare planners about patient characteristics associated with admission outside office hours and the associated risk of ICU admission and death.
In conclusion, while admission rates decreased from office hours to weekend hours, there was an observed increase in mortality rates when comparing admission during weekend hours with admission during office hours. This may be explained by differences in severity of illness as measured by the need for ICU admission.
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